The objective of this paper is to design controllers for the TITO (Two Inputs and Two Outputs) 
I. Introduction
In process control industries, the basic need is to The basic aim of process control is to retain the process operations at required condition carefully and resourcefully, while fulfilling the quality of product and ecology. The quadruple tank process is a MIMO system which is multi input and multi output. The quadruple tank process experimental description and modeling are explained in the below session. In this paper the design of multi loop, decentralized and IMC controller are depicted. The quadruple tank process experimental set up is explained in the later session. The minimum and non-minimum phase of the quadruple tank process response of tank1 and tank2 are shown.
II. Modeling And Design Of Controllers

Transfer function matrix
The schematic diagram of quadruple tank process is shown in Figure1. In order to design the controller, mathematical modeling of quadruple tank process should be done. The mathematical modeling represents the whole system in differential equation. From the basic law of conservation of mass and Bernoulli's law the mathematical model is completed. The differential equations of quadruple tank process is represented in equation (1) to (4) . The quadruple tank process is a nonlinear system since the equation (1) to (4) contain the square root function. The nonlinear differential equations are linearized using Jacobian matrix. The general representation of Jacobian matrix for A=(4*4) matrix and B=(4*2) matrix is shown in equation (5) and (6) . By using the values tabulated in TableI and by substituting the tabulated values in linearized Jacobian matrix results in state space model. The transfer function matrix represented in equation (7) The open loop response of tank1 and 2 of quadruple tank process for minimum and non-minimum phase is obtained using transfer function matrix equation (7) The simulation of open  loop response for tank1 and 2 shows uncontrolled response, which should be tuned to desired set point by using controller. In this paper, the multi loop and decentralized controller designed. 
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The transfer function matrix is determined from state space model. The process transfer function matrix for minimum phase and non-minimum phase is denoted by and 
III. Design Of Multi Loop PID Controller
The multi loop PID controller values for both minimum and non-minimum phase is found using Cohen and coon method.
Multi Loop PID Controller for Minimum Phase
The quadruple process is a MIMO system which has minimum phase. The minimum phase in quadruple tank process system is defined as when the fraction of liquid entering the lower tank is less when compared to upper tank. The minimum phase is a stable condition, where the design of multi loop controller is simple when compared to non minimum phase. The multi loop PID controller value for minimum phase value is tabulated below. The response of tank1 & tank2 for the above tabulated PID controller value are show in Figure 4&5 . 
Multi Loop PID Controller for Non-Minimum Phase
The non-minimum phase of quadruple tank process is defined as when the fraction of liquid entering the lower tank is greater than the upper tank. The design of controller for non-minimum phase is complex as it is unstable and also due to the presence of transmission zero. The multi loop PID controller value for nonminimum phase is tabulated in TableIII. The response of tank1 & tank2 are shown in below figures. 
IV. Design Of Decentralized PID Controller
The decentralized controller commonly encountered in many industrial processes in order to have effective control over the process. the decentralized controller eliminates the process loop interactions by using ideal decoupler. The design of decentralized PID Controller for minimum and non-minimum phase is dealt in further session.
Design of Decoupler matrix
The decoupler eliminates the interaction within process. The equation (7) & (8) represents the process transfer function matrix for minimum and non-minimum phase. The interaction compensator matrix (decoupler) is obtained by using equation (9). The element within the interaction compensator matrix is obtained using equations (10) and (11). The and are decoupler matrix for minimum phase is expressed in equation (12) and (13).
The decoupler matrix for non-minimum phase is expressed in equation (14) and (15). The two independent decoupled SISO (Single Input Single Output) system with gains and are obtained from equation (14) and (15).
(16) (17)
The expression for and determined using relations (14) and (15) are given in equation (16) and (17). Using the equation (16) and (17), the decentralized PID controller values for minimum phase are determined.
(18) (19)
The equation (20) and (21) gives the decentralized PID controller value for non-minimum phase. 
Decentralized PID Controller for Minimum Phase
The quadruple process is a MIMO system which has minimum phase. The minimum phase in quadruple tank process system is defined as when the fraction of liquid entering the lower tank is less when compared to upper tank. The minimum phase is a stable condition, where the design of multi loop controller is simple when compared to non minimum phase. The decentralized PID controller value for minimum phase value is tabulated below. The response of tank1 & tank2 for the above tabulated PID controller value are show in Figure 8&9 . 
Decentralized PID Controller for Non-Minimum Phase
The non-minimum phase of quadruple tank process is defined as when the fraction of liquid entering the lower tank is greater than the upper tank. The design of controller for non-minimum phase is complex as it is unstable and also due to the presence of transmission zero. The decentralized PID controller value for nonminimum phase is tabulated in TableV. The response of tank1 & tank2 are shown in below figures. 
V. Design Of Internal Model Controller
The internal model controller commonly encountered in many industrial processes in order to have effective control over the process. The tuning of IMC is easy when compared to standard feedback controller design. The design of IMC PID Controller for minimum and non-minimum phase is dealt in further session.
IMC Design Procedure
The IMC design procedure has been generalized to the following steps. Develop a process model Factor the process model into invertible and noninvertible portions. 
IMC PID Controller for Minimum Phase
The quadruple process is a MIMO system which has minimum phase. The minimum phase in quadruple tank process system is defined as when the fraction of liquid entering the lower tank is less when compared to upper tank. The minimum phase is a stable condition, where the design of multi loop controller is simple when compared to non minimum phase. The IMC PID controller value for minimum phase value is tabulated below. The response of tank1 & tank2 for the above tabulated PID controller value are show in Figure13&14. 
IMC PID Controller for Non-Minimum Phase
The non-minimum phase of quadruple tank process is defined as when the fraction of liquid entering the lower tank is greater than the upper tank. The design of controller for non-minimum phase is complex as it is unstable and also due to the presence of transmission zero. The IMC PID controller value for non-minimum phase is tabulated in TableVII. The response of tank1 & tank2 are shown in below figures. 
VI. Results And Discussion
The experimental set up is shown below. The experimental set up contains the four vertical tanks with respective drain valves for outlet. The experimental set up contains four panels namely instrumentation power supply which provides 230V AC, 50Hz input supply to two pumps, there is two signal conditioning cum thyristor actuator panels which provides the cosine firing angle to the pumps in order to operated the two control valves. There is a V to I converter (Voltage to Current) panel and one computer interface panel through which the experimental set up is connected with PC. The PC acts as an user interface between human and the experimental set up. In PC the designed controller values are implemented and the response from the experimental set up is obtained. The closed loop step response characteristics of three controllers for minimum and non-minimum phase are represented using graph. The closed loop step response characteristics like rise time, overshoot and settling time are shown individually. The rise time of all three controllers for minimum and non-minimum phase is shown in Fig. 18 & Fig. 19 . using graph. 
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VII. Conclusions
The various controllers are designed and the best controller is determined by performance error criteria. From the performance error criteria table, the multi loop PID controller has the high error when compared with other two controllers. The reason for high error in multi loop PID controller is due to interactions among the loop. The decentralized PID controller gives better response and it is an excellent step response tracking. The essential part of decentralized controller is decoupler which acts as an interaction compensator. From the closed loop step response characteristics tabulation we conclude that the non-minimum phase of quadruple process system takes longer time than minimum phase. The IMC PID controller is the best controller. The advantage of using IMC is, it is an advanced controller which is more reliable and gives better stability in the process. The performance error criteria for both phases are tabulated below. The performance error criteria considered are IAE (Integral Absolute Error), ITAE (Integral Time Absolute Error), ISE (Integral Square Error) The various designed PID controllers value are implemented in the experimental setup (four tank system/ quadruple tank process) and the response is obtained. The responses of different controllers are show in below figures for both minimum and non-minimum phase. The performance error criteria values for the designed controllers are obtained from the SIMULINK model simulation responses which are show in graph. The graphical representation of performance error criteria of the three controllers for minimum and nonminimum phase are shown individually for tank1 and tank2 which is shown in Fig 24. to 27. In order to determine the best controller, from the simulation result the values are implemented in the experimental set up and the real time response should reach the specified desired response which is shown in below Figures. 
